In children, intensive near-work affects the accommodation system of the eye. Younger 
INTRODUCTION
Good vision at near distances is provided by the accommodative system. Some impairment of this system can lead to asthenopic complaints and reduce visual performance at near distances (Marran et al., 2006) . Several studies have evaluated changes in the accommodative system after near tasks. Wolffsohn et al. (2011) showed that the prepresbyopic human accommodative system is robust to fatigue during intense and prolonged (30 min) near-work. Castagno et al. (2016) compared accommodative amplitude values of school-age children measured in the morning and afternoon. He also did not find significant changes of amplitude of accommodation during the day. However, Thiagarajan and Ciuffreda (2013) found that the accommodative system exhibited consistent fatigue effects after near-work in which subjects periodically changed fixation from near to far distances. Iribarren et al. (2001) showed that accommodative facility for office workers decreases during the working day.
Evaluation of the accommodative system during near-tasks for children is also important. Visual screening done by the Department of Optometry and Vision Science, Faculty of Physics and Mathematics, University of Latvia, for~11 000 Latvian school-age children showed that~21% of children have problems with the accommodative system (Anonymous, 2014). There is some association between the development of myopia and higher levels of children's near-work (Mutti et al., 2002; Jones et al., 2007; Ip et al., 2008) . The risk of myopia increases if children read at very close distances (< 30 cm) (Ip et al., 2008) . Younger children prefer to perform near-tasks in closer distances than older children (Wang et al., 2013) . Therefore, we could expect that the accommodative system of younger children changes more during the day than that of older children.
One of the parameters of the accommodative system that might change during the day is the amplitude of accommodation (AA). Hasebe et al. (2001) showed that fatigue of the accommodative system reduces tonic accommodation and therefore, also accommodative amplitude might decrease during the day. The aim of this study was to evaluate to what extent the accommodation system in school-age children is subject to fatigue during the day and to determine if these changes are similar for different age groups. Hofstetter (1950) suggested three equations for computing maximum, minimum, and average norms of accommodative amplitudes for all age groups. Some authors (Sterner et al., 2004; Castagno et al., 2016) showed that measured accommodative amplitude values for children are lower than norms calculated from Hofstetter equations. We also tested if measured values of amplitude of accommodation for children conformed with norms.
METHODS
A total of 106 school-age children from grade 2, 7, and 9 participated in the study. For further analysis we used only results of children with habitual visual acuity of 1.0 or more in decimal units and who did not have uncorrected hyperopia. 73 children conformed to these criteria. Participants were divided in three age groups. Average age of groups were 8.4 ± 0.5 years (21 subjects), 12.3 ± 0.4 years (29 subjects), and 14.8 ± 0.4 years (23 subjects). Written consent of children parents was obtained before research. Ethical approval was given by the Ethical Committee of the Institute of Experimental and Clinical Medicine, University of Latvia.
For each subject, distance visual acuity was measured in a morning session. The computer programme Freiburg Visual Acuity and Contrast Test (FrACT) was used to test binocular visual acuity (Bach, 2007) . The test stimulus was a Landolt C optotype oriented at random in one of the four orthogonal directions. Optotypes were presented using an adaptive staircase procedure, in which stimulus size was decreased with log steps, if a child submitted correct answers, and increased, if a child submitted incorrect answers. Test distance was 3 m. Children were asked to indicate the orientation of each stimulus by typing on the computer keyboard. The visual acuity test was performed before lessons and at least three measurements were done in each session. A LCD monitor with background luminance~90 cd/m 2 (Minolta CS-100 Chroma Meter) was used for the test. Weber contrast of optotypes was 37.7 (Michelson contrast 0.95).
Full optical correction is needed when accommodative amplitude is measured (Burns et al., 2014) . We had no time to estimate full refraction for participants. To select only participants with full or close to full optical correction, we used only data from children with habitual binocular visual acuity 1.0 or more (dec. units) and who did not pass the hyperopia test (if it was necessary to perform this test). During the hyperopia test, +1.50 D glasses were used and a row of 5 Sloan letters corresponding to visual acuity 1.0 was shown on the computer screen. If a child was able to read at least three letters correctly it was assumed that he might have uncorrected hyperopia and their data were not included in result analysis. Test distance was the same as in the visual acuity test -3 metres.
Accommodative amplitude was measured for each child before and after lessons with the push-up method, which is widely used in clinical practice (Atchison et al., 1994) . For measurements a R.A.F. rule was used -a rod with a movable target. 1 mm large letters were used as stimuli. Measurements were done in binocular conditions. During the measurement, one end of the ruler was placed on the child's face. Child was instructed to look at target which was moved closer to his eyes until the child reported the first sustained blur. The distance from this point to the spectacle or cornea plane was recorded. Measurements were done before and after lessons. At least three measurements of accommodative amplitude were done for each child. One source of error in the push-up method is practitioner bias (Burns et al., 2014) . To minimise this effect each child was tested by the same person in both sessions.
All measurements were done in schools before and after lessons. Morning session started at~8:00 and afternoon session started at~13:30. All measurements in one session for a child were made within 8 minutes. Illuminance of the test room was kept constant (at least~250 lx measured with an illuminance meter T-10, Konica Minolta) in the morning and afternoon sessions.
RESULTS
Data showed that the amplitude of accommodation decreased (p < 0.002, Wilcoxon signed rank test, one-tailed) during the day (Fig. 1) for all children.
Bland Altman analysis was used to determine the average difference between accommodative amplitude measured in both sessions and for calculating repeatability of measurements (Bland and Altman, 1986) . Average change in accommodative amplitude was 0.68 ± 0.18 D. Repeatability of measurements was 3.12 D (2 SD in Fig. 2 ).
As expected, separate analysis of accommodative amplitude data for each age group showed that amplitude of accommodation decreased with age (Fig. 3) . One-way nonparametric tests did not confirm significance of this relationship (p = 0.14, Kruskal-Wallis test), but amplitude of accommodation was significantly lower for the youngest group data, compared with the oldest group (p = 0.04, Mann Whitney test, one-tailed).
One of the aims of this study was to determine if accommodative amplitude changes during the day are similar for age groups. The results showed that for each age group accommodative amplitude was lower in the afternoon than in the morning (p < 0.05, Wilcoxon signed rank test, one-tailed) Fig. 1 . Amplitude of accommodation (AA) before and after lessons for all participants. Dashed line represents perfect agreement. Data for all subjects showed strong relationship between AA values before and after lessons. R is the Pearson correlation coefficient. AA values after lessons were significantly smaller than in the morning (p < 0.002). (Fig. 3) . The changes in amplitude of accommodation (~0.70 D) were similar for the groups (p = 0.97, KruskalWallis test).
We compared the measured accommodative amplitude values for each age group with Hofstetter norms. For calculation of minimum and average amplitude by age we used equations (Hofstetter, 1950) :
Minimum AA = 15-0.25 (age (in years))
Average AA = 18.5-0.30 (age)
Amplitude of accommodation values before and after lessons were lower than average values for all age groups (p < 0.05, Wilcoxon signed rank test) (Fig. 4) 
DISCUSSION
In this study, the measured accommodative amplitude values were lower than Hofstetter norms (values calculated from Hofstetter equations) (Hofstetter, 1950) . Other authors also showed lower accommodative amplitude values than calculated from Hofstetter norms (Sterner et al., 2004; Castagno et al., 2016) . We made measurements in binocular conditions. Hofstetter for their equations used accommodative amplitude data measured in monocular conditions (Taub and Shallo-Hoffmann, 2012) . Accommodative amplitude measured in binocular conditions is~2.70 D larger compared with measurements made with a monocular (Sterner et al., 2004) . However, our AA data obtained in binocular condition were lower compared with Hofstetter norms. Also other authors have reported this contradiction (Sterner et al., 2004 F) . One of reasons why measured values by other authors do not agree with Hofstetter norms could be lack of single standard for amplitude of accommodation measurement, with each author using slightly differ- The whiskers represent the range of the data. AA for each age group after lessons was significantly lower than in the morning (p < 0.05). ent measurements condition (Burns et al., 2014) . This might explain why our measured values of accommodative amplitude were not only lower than Hofstetter norms, but also lower than Sterner et al. (2004) (Anderson and Stuebing, 2014) .
Results showed a decrease of accommodative amplitude during the day. Our results did not agree with those of Castagno et al. (2016) , which showed no significant change in amplitude of accommodation during the day. In their study the number of children assessed in the morning and afternoon differed and for statistical analysis they used the Median test to compare groups, not pairs. The authors also mentioned that additional measurements were needed to assess the effect of fatigue on amplitude of accommodation.
There are several factors which could affect our measured values of accommodative amplitude. We did not ask the children what they had been doing before measurements. They could, for example, been using smart phones. Working distance with mobile devices usually is small (Bababekova et al., 2011) and therefore the accommodative system has large stress during this task. Antona et al. (2009) estimated repeatability of different accommodative amplitude tests and they found out that the push-up method has repeatability 4.76 D, which was less suitable than for the push-down and minus lens techniques. In our study the repeatability was 3.12D, which is similar to previous observations (Antona et al., 2009) . Decrease in values of accommodative amplitude during the day was 0.70 D, which was quite small compared with repeatability of the test. However, we found changes in accommodative amplitude for all age groups and we can assume that changes in the accommodative system did occur during the day. Hasebe et al. (2001) found out that after some near tasks, which induced fatigue of accommodative system, the reduction of the tonic accommodation was 0.51 ± 0.09 D. This reduction is close to what we found for accommodative amplitude during the day (0.68 ± 0.18 D). Our data do not indicate if these changes are related with fatigue of the accommodative system or this decrease of accommodative amplitude is a normal physiological change that is not related with fatigue of the visual system. To answer this question control groups with only outdoor activities during the day is needed.
One of the aims of our study was to assess if there are changes in accommodative amplitude during the day in relation to age group. The results showed the same level of decrease of accommodative amplitude in all three groups. We can conclude that, if there is fatigue effect on accommodative system, than this effect is similar between age groups.
